abstract milk yield and quality was assessed in cows raised on low-input farms (traditional feeding), i.e. two breeds covered by genetic resources conservation (rP and Bg) and the sm breed. the reference group was PhF ho cows from an intensive milk production system (Pmr feeding). a total of 1,212 milk samples were collected from three periods of lactation: i (up to 120 days), ii (121-200) and iii (over 200). the milk was analysed for content of fat, protein, casein, lactose, dry matter, non-fat dry matter and the protein-to-fat ratio, coagulation time, heat stability and the percentage of fat globules in different size ranges. Fatty acid profile and cholesterol content were determined in a representative number of 180 milk samples. daily yield in the native breeds in the third phase of lactation was 9.6 and 8.7 kg, which was slightly over 55% of their yield in phase i, compared to 66% in the sm and 73.4% in the reference group (PhF ho). the increase in fat and protein (including casein) in the milk during lactation was much higher in the native breeds, so its energy value in phase iii of lactation was 11% higher in the Bg cows and 9% higher in rP, but only 4% higher in the sm with regard to phase i of lactation. the milk fat from the Polish red cows had the highest proportion of PuFa in each phase of lactation, including Cla, and the highest PuFa/ sFa ratio. over the course of lactation the percentage of large fat globules in the milk decreased, particularly in the native breeds (P≤0.01), while in the SM the differences were much smaller and statistically insignificant. Lactation persistency in both native breeds raised in a low-input system was worse than in the sm, but the increase in basic components during lactation was markedly higher, while that of cholesterol was lower. key words: native breeds, dairy cattle, lactation persistency, milk quality *This study was funded from statutory activity.
One of the factors determining economic effects in milk production is lactation persistency in cows (Togashi and Lin, 2009) . It is measured as the decrease in the level of milk production in successive months after peak yield, which is usually in the second month after calving. The dynamics of this indicator are determined by a number of factors, such as breed, diet, age, mammary gland disorders, frequency of milking, and the length of the lactation and dry periods (Bouallegue et al., 2014; Heins et al., 2012; Nor et al., 2014; Sawa et al., 2015; Topolski et al., 2008) . Litwińczuk et al. (2015) report that the rate of the decrease in milk yield in successive thirds of the lactation period was slower in herds from intensive production (PMR diet); the reduction in daily yield in phase III of lactation (compared to phase I) was only 16%, while fat content increased by 0.22 pp (percentage points) and protein by 0.33 pp. On the farms with a traditional system the decrease in the daily milk yield was much greater, at over 35%, with fat content increasing by 0.34 pp and protein by as much as 0.81 pp. Jóźwik et al. (2012) , comparing the chemical composition of milk on the 60th and 200th day of lactation, also found that in cows with average yield (about 7,000 l of milk) the increase in protein and fat content was higher than in cows with yield of about 10,000 l of milk.
Native breeds are a highly valuable reservoir of genes, particularly when a return to the progenitor is not possible, as in the case of cattle. Breeders value local breeds for their disease resistance, longevity and high conception rate. The basic form of conservation of farm animals is in situ protection, owing to which they can be exploited in the regions where they were produced and valuable raw materials and products can be obtained from them. This pertains especially to brand-name products which are a reflection of local culinary traditions, including dairy products, and in particular cheeses (Litwińczuk, 2011) . One of the best strategies for guaranteeing that native breeds continue to be exploited is promotion of products derived from them that are recognized on the market and can be sold at a higher price. A good example is Parmigiano Reggiano cheese, produced in northern Italy exclusively from the milk of cows of the Reggiana breed (Zannoni, 2010) . Native breeds of animals, which are characteristic of a given region or country, are ideally adapted to local environmental conditions. Moreover, local breeds are often a part of various regional traditions, and play an important role in the preservation of cultural heritage (Hiemstra et al., 2010; Litwińczuk, 2011) . Milk obtained from cows of local breeds usually has higher nutritional value (with more healthpromoting components, such as whey proteins or CLA) and is more suitable for processing, particularly for production of ripened cheeses (Grega et al., 2005; Hiemstra et al., 2010; Litwińczuk et al., 2012) .
Native breeds of cattle are usually raised on low-input farms (often termed traditional or extensive), usually characterized by low stocking density, a large proportion of permanent grassland, a low level of mineral fertilizer and low consumption of concentrate feed (Litwińczuk, 2011) .
The aim of the study was to analyse changes during the course of lactation in daily yield and quality of milk obtained from the two oldest Polish native breeds of cow (Polish Red and White-Backed) and Simmental cows kept on small farms in a low-input system. The reference group consisted of Polish Black-and-White Holstein-Friesian cows kept in intensive systems (PMR feeding).
material and methods
The study included 70 White-Backed cows (BG), 82 Polish Red cows (RP) and 79 Simmental cows (SM) from 13 low-input farms (with traditional feeding) in Eastern Poland. The reference group consisted of 70 Polish Black-and-White HolsteinFriesian cows (PHF HO) kept on one farm with intensive milk production technology. All cow barns were subject to use value assessment for dairy cattle and met the requirements for milk production specified by Commission Regulation ( On the low-input farms (with cows of native breeds, i.e. BG and RP, as well as SM), feeding was based on on-farm fodder. In the spring/summer the cows' diet consisted mainly of pasture forage (ca. 50 kg) and hay (2-3 kg) supplemented with on-farm concentrate feed (1-2 kg). In the autumn/winter season the cows were fed haylage (ca. 15 kg) and hay (3-4 kg), and on some of the farms (7 farms) they also received maize silage (ca. 10 kg). The feed ration was supplemented with concentrate feed (1-2 kg). The PHF HO cows were fed year round in an intensive system (PMR). The PMR ration consisted mainly of maize silage, haylage, straw, post-extraction meal (soy, rapeseed) and grain meal. Daily feed rations were calculated for a cow with milk yield of 24.5 l. For each subsequent 2.5 l of milk the cows received 1 kg complete feed with 20 g/100 g protein in the feed station.
A combined 1,212 milk samples were collected from the cows, including 331 from the BG breed, 324 from RP, 314 from SM and 243 from PHF HO. Samples were collected from three phases of lactation: I (up to 120 days) -449 samples, II (days 121-200) -279 samples, and III (over 200 days) -484 samples. Samples were collected individually from each cow from milk obtained from a complete milking procedure (AT4 method), in two seasons (spring/summer and autumn/winter) for three years. Milk samples for analysis were taken not earlier than in 30th day after calving, and no later than 330th day. Samples from cows with diseased udders were eliminated. The milk was transported in thermal bags with freezer packs to the laboratory of the Department of Commodity Science and Processing of Raw Animal Materials, University of Life Sciences in Lublin (AOAC, 2000 b) . In order to eliminate milk samples from cows with diseased udders (over 400,000 SCC/ml), the somatic cell count (SCC) was determined using a Somacount 150 apparatus manufactured by Bentley Instruments Inc., Chaska, MN, USA.
Content of fat, protein and lactose was determined in each milk sample with an Infrared Milk Analyzer by Bentley Instruments Inc. (these data were used to calculate content of dry matter and non-fat dry matter and the protein-to-fat ratio). Casein content was determined by the AOAC method (2000 a), coagulation time by Schern's method (a 250 µl volume of rennet solution (Fromase2200 IMCU/g Granulate, DSM Food Specialities, France) at a concentration of 0.66 g/100 ml (w/v) was added to 25 ml of milk heated to 35°C in a water bath and maintained at that temperature (35°C±0.5°C), and the sample was observed until the moment when the first casein floccules formed), and heat stability at 140°C in a TEWES-BIS oil bath using White and Davies' method (White and Davies, 1966) . The percentage of fat globules in different size ranges was determined, i.e. < 6 mm, 6-10 mm and > 10 mm (under a microscope at 1,000 × magnification on slides stained with Sudan III, in three fields of view).
The energy value of 1 kg of milk was calculated as well, using gross physiological energy factors (17.1 kJ per g protein; 38.7 kJ per g fat; 17.2 kJ per g lactose) according to Rubner (Pijanowski et al., 2000) , using the following formula:
Fatty acid profile and cholesterol content were determined in a representative number of 180 milk samples. Fatty acid content was determined following fat extraction according to AOAC Method 905.02 (2000 c) . The fatty acids contained in the isolated fat were converted to fatty acid methyl esters (FAME) according to PN-EN ISO 5509 (2001) . FAME separation was carried out by gas chromatography (GC) according to PN-EN ISO 5508 (1996) using a Varian CG 3900 apparatus (Walnut Creek, CA USA) equipped with a flame ionization detector (FID). A CP 7420 capillary column (Agilent Technologies, USA) was used, 100 m in length with an internal diameter of 0.25 mm and film thickness of 0.25 μm. The analysis was carried out in increasing temperature conditions; the initial temperature of the oven was 50ºC, and the final temperature was 260ºC. The temperature of the injector and the detector was 270ºC, the carrier gas (hydrogen) flow rate 2 ml/min, the size of the injected samples 1 µl, and the split ratio 1:50. Fatty acids were identified by comparing the retention times for FAME present in the sample with retention times for Sigma FAME standards (Lipid Standard).
The results obtained were expressed as the percentage share of each FA among all the methyl esters according to PN-EN ISO 5508 (1996) , using Star GC Workstation software v. 5.5.
The following groups were distinguished in the fatty acid profile: -saturated fatty acids (SFA), including short-and medium-chain (SCFA+MCFA) from C4:0 to C12:0 and long-chain fatty acids (LCFA) from C13:0 to C22:0 -unsaturated fatty acids, including monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA).
The ratios of these acids were calculated as well, i.e. SFA/UFA, MUFA/SFA and PUFA/SFA.
Cholesterol content was determined according to a method developed by the National Research Institute of Animal Production in Balice (with our own modifications). The procedure for determination of cholesterol content in milk was as follows: 35 ml of a mixture of chloroform and methanol was added to 5 ml of milk. After centrifugation, 4 ml of the mixture was collected from the lower layer to Supelco vials and subjected to evaporation under a stream of nitrogen. Evaporation residue was saponified in closed vials with 3 ml of 0.5N NaOH at 80°C. After cooling, 3 ml of hexane was added and extracted in sealed vials. Then, 1 ml of hexane layer was sampled and evaporated at 65°C in a stream of nitrogen. 4 ml of glacial acetic acid was added to the residue. Subsequently, 3.5 ml was taken and added to 2.5 ml of colour solution, and the mixture was stirred and cooled. The measurements were performed in a spectrophotometer Carry 300 (Varian) at 570 nm (Litwińczuk et al., 2014) .
Data pertaining to the daily milk yield of the cows and the phase (day) of lactation were obtained from documentation conducted by the Polish Federation of Cattle Breeders and Dairy Farmers.
The results were analysed statistically in Statistica software (StatSoft Inc.), using one-and two-way analysis of variance (with interaction), with the breed of cow and phase of lactation as the sources of variation. Significance of differences between means for each factor were determined by Tukey's test. Changes in daily yield and milk parameters between phases I and III of lactation were calculated according to the following formula:
results
The data presented in Table 1 show that in all breeds of cow evaluated daily milk yield decreased significantly in successive phases of lactation. The scale of these changes, however, was strongly varied. In the third phase of lactation the daily milk yield of the cows of the two native breeds, RP and BG, was 9.6 kg and 8.7 kg, respectively, which was only 55.8% of their yield in the first phase. Much more favourable lactation persistency (66%) was noted for the cows of the SM breed, and the most favourable (73.4%) for the cows in the reference group, i.e. PHF HO raised in an intensive farming system. Analysis of the changes in the composition of the milk in successive phases of lactation (Table 1) shows that the main changes were an increase in protein content (by 21-31%) and to a lesser extent fat content (by 4-12%), and a decrease in lactose (by 2-6%). The increase in the content of basic components, including casein, was markedly higher in the milk of the native breeds, so that the energy value of the milk obtained in phase III of lactation was 11% higher in the milk of the BG cows and 9% higher in RP, but only 4% higher in the SM and 6% higher in PHF HO.
The fat of the milk of the RP cows had the highest percentage of PUFA (3.58-4.13%), including CLA (0.56-0.96%), and the highest PUFA/SFA ratio (0.052-0.061) in each phase of lactation. The lowest percentage of these acids was stated in milk of PHF HO cows: 2.19-3.79%, 0.24-0.30% and 0.033-0.035, respectively ( Table 2 ). The phase of lactation generally had no significant influence on the fatty acid profile of the milk, but several significant interactions (breed × phase of lactation) were found, e.g. for the percentage of UFA and MUFA and for the SFA/ UFA and MUFA/SFA ratios (P≤0.05), which were probably the result of the significant differences shown between phases of lactation, but only in the SM breed (Table 2) .
III phase of lactation
I phase of lactation × 100% a, b -differences between phases of lactation within a breed significant at P≤0.05. A, B, C -significant at P≤0.01. Effect of factor x -at P≤0.05. xx significant differences at P≤0.01. A, B, C -significant at P≤0.01; effect of factor x -at P≤0.05. xx significant differences at P≤0.01.
The phase of lactation was found to influence cholesterol content in the milk (Table 2 ). The content of this sterol increased over the course of lactation, but the increase was slowest in the milk of the native breeds, reaching a level of 17.94 mg/100 ml in the RP cows and 19.75 mg/100 ml in the BG cows in the third phase of lactation. Cholesterol content was 23.15 mg/100 ml in the SM breed during this period and 24.25 mg/100 ml in the reference group (PHF HO). Significant differences between phases of lactation were only noted for the Simmental breed (P≤0.01).
Over the course of lactation there was an increase (P≤0.01) in the content of nonfat dry matter from 8.75% to 9.22% (average for three analysed breeds, i.e. RP, BG and SM) and casein (from 2.44% to 2.83%) and in the protein-to-fat ratio (from 0.76 to 0.88) ( Table 3 ). The greatest increase in casein content was noted in the milk of the cows from the two native breeds, BG (by 18%) and RP (by 17%). This component increased by 11% in the milk of the SM cows, and by only 8% in the PHF HO cows (from an intensive farming system).
The milk produced in a low-input system had a significantly shorter coagulation time (average 240 s) than the milk from the reference group (PHF HO) -300 s. The phase of lactation was found to have a significant (P≤0.01) effect on coagulation time, which increased over the course of lactation (Table 3) .
The lowest resistance to heat treatment was characteristic for milk of PHF HO cows (average 120 s), and the highest -SM (average 300 s). Lactation phase had no effect on the heat stability of milk (Table 3) .
Milk fat dispersion also changed over the course of lactation, as the percentage of large fat globules decreased (P≤0.01) from 10.17% to 8.06%, while the percentage of small globules increased, from 57.24% to 60.85% (average for three analysed breeds, i.e. RP, BG and SM). The greatest changes were noted in the milk of the cows of the two native breeds, RP and BG, while in the SM the differences were much smaller and statistically insignificant (Table 3) . It should be emphasized that in the reference group, i.e. the PHF HO cows raised in an intensive system, the greatest fat dispersion was noted, indicated by the low percentage of large fat globules in successive phases of lactation (7.24-7.52%).
discussion
The inferior lactation persistency shown in the cows of the two native breeds (RP and BG) has been confirmed in other studies. Sabbioni et al. (2012) analysed this problem in cows of the Italian local breed Bianca Val Padana and in the high-production breed Italian Friesian, raised in two different types of production system, i.e. intensive (free-stall barns and PMR feeding) and traditional (tie-stall barns and traditional feeding). They showed that the Bianca Val Padana cows had inferior lactation persistency than the Italian Friesian cows. They state that this breed is better adapted to traditional farming conditions, as in intensive milk production systems their lactation curves are atypical, with the production peak occurring in the first week of lactation, followed by a sharp decline in milk production in the next two weeks, which continues, though at a slower rate, until the end of lactation. It should be emphasized that in phase III of lactation the mean yield of the cows of the Simmental breed (classified as a dual-purpose breed) was 14.5 kg of milk, which was 50-60% higher than in the cows of the two native breeds, also considered dual-purpose. However, in a study by Cilek et al. (2008) conducted on Simmental cows (1,367 305-day lactations in the years 1992-2002), lactation persistency was only 45.5%, which should probably be linked to the very poor diet of these animals. Topolski et al. (2008) report that the size of the decrease in milk production during lactation was linked to the production level of the cows. In cows with higher productivity (over 7,100 kg of milk) the decrease in yield in the first months after the peak of lactation was smallest, while in cows with lower productivity (less than 5,700 kg of milk) the decrease was more rapid.
The changes observed in the composition of the milk of the cows of the local breeds raised on low-input farms and the Holstein-Friesians raised in an intensive system are confirmed in a study by Litwińczuk et al. (2015) . Comparing changes in the chemical composition of the milk of cows housed in barns in intensive and traditional production systems, they also found the greatest increase in protein content: 9.5% in the intensive system, i.e. from 3.47% in phase I of lactation to 3.80% in phase III, and as much as 26% (from 3.11 to 3.92%). Ikonen et al. (2004) , evaluating the effect of the phase of lactation on milk yield and composition, showed that the lowest protein content, including that of casein, was at the peak of lactation (between days 31 and 60). The lowest fat content in the milk was observed between days 91 and 120 of lactation. In subsequent phases of lactation the content of both of these components successively increased, with a greater increase in fat content.
The highest proportion of PUFA, including CLA, in the milk fat of the Polish Red breed is confirmed by a previous study by the authors (Litwińczuk et al., 2012) , and can probably be linked to the different phylogenetic origin of this breed (Konopiński, 1949; Pruski, 1975) . Secchiari et al. (2003) , comparing the proportions of selected fatty acids in the milk fat of the Italian Friesian and Reggiana breeds, found no differences between them in the average proportion of long-chain fatty acids. However, they showed that in the first period of lactation, when cows often have a negative energy balance, the milk fat contained more 18-carbon fatty acids, and less C14:0, C14:1 and C16:0. Content of the acid C18:2 c9,t11 successively increased over the course of lactation, from 0.59 in the first month to 0.89 g/100 g of extracted fat in the seventh. Sobotka et al. (2014) , evaluating changes in the fatty acid profile of milk fat during lactation in Holstein-Friesians, Jerseys and crosses of these breeds, found that content of SCFA decreased as lactation progressed. In the LCFA group, content of C12:0 and C18:0 was highest on the 160th day of lactation, while content of C14:0 iso and C16:0 was higher in the final phase.
The increase shown in cholesterol content in the milk of the cows over the course of lactation is confirmed in a study by Strzałkowska et al. (2010) , in which it increased from 15.6 mg/dL in phase I of lactation (days 6-60) to 16.9 mg/dL in phase III (days 211-305) in the milk of the cows fed in a PMR system. Litwińczuk et al. (2015) demonstrated higher cholesterol content in milk obtained from intensive pro-duction technology, and at the same time more uniform content throughout lactation in comparison with the milk of cows from traditional production systems.
Significant parameters determining the suitability of milk for processing include the protein-to-fat ratio, content of non-fat dry matter, and especially casein content, as casein content in milk influences the final compactness of the curd. According to Amenu and Deeth (2007) , casein is responsible for the formation of the initial structure of the curd and its capacity to retain water and fat. It should be emphasized that the greatest increase in casein content was demonstrated in the milk of the two native breeds of cow. Barłowska et al. (2006) , evaluating selected technological parameters of the milk of cows of six breeds, showed the greatest increase in casein content in the milk of Polish Red cows (by 0.49 pp) and Simmentals (by 0.41 pp).
A significant indicator of the suitability of milk for cheese production is its rennet clotting time. The shorter coagulation time observed in our study in the cows raised on low-input farms, including local breeds, is confirmed in other studies (Bittante et al., 2012; De Marchi et al., 2007; Litwińczuk et al., 2012) . Lengthening of rennet clotting time was confirmed by Varotto et al. (2015) , who evaluated coagulability parameters of milk (RTC, i.e. the time of coagulation from the moment rennet is added, and a 30 , defining the springiness of the clot 30 min after adding a clotting enzyme) during lactation in Rendena and Holstein-Friesian cows. The most beneficial parameters were noted in the milk at the beginning of lactation, and they began to deteriorate at mid-lactation.
Another important indicator in evaluating the suitability of milk for cheese production is milk fat dispersion. Fat globules are surrounded by a phospholipid membrane with strong ability to bind water. Goudédranche et al. (2000) demonstrated greater firmness of cheeses produced from milk with larger fat globules. The membranes of fat globules have the ability to bind β-lactoglobulin, which can increase cheese yield (Molina et al., 2000) . Barłowska et al. (2014) , evaluating the effect of the phase of lactation on milk fat dispersion in cows of four breeds raised in intensive farming systems, report that in the final phase the percentage of large fat globules (≥10 µm) in the milk decreased.
To sum up, the cows of both native breeds raised on low-input farms, i.e. Polish Red and White-Backed, had inferior lactation persistency in comparison with the Simmental breed. However, the increase in fat and protein content, including casein, in their milk was markedly higher, while the increase in cholesterol was smaller. The percentage of large fat globules in milk decreased more clearly in the course of lactation of the native breeds of cows compared to Simmental and Polish Black-andWhite Holstein-Friesian cows. 
